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ROVIBMTIONAL SPECTROSCOPY or ArCO VAN DER WAA.LSCorn.zx

Edward J. CaLIQboll, Anna Da Plant8 ●nd

Stavm J. BUO1OW

Chamiatry ●nd Laamr 9CLOnct8 Dlviaion

L08 AIUMM National Laboratory

Los Al&mo8, W 07545 USA

INTRODUCTION

Trio Information that can M obtalnmd from CM hiqh r@801ucion

rovibrational spactra of small =hCular clu8t9r8 L8 very useful for

dato-nlng Lnta-locul&r Pocontialo ●nd th9 ●ffect8 of intmmlacular

incmractionm on Lntramo:ceular bonds. MC.ntlY, ●uch ●p.sctra Itsvo Doon

oDcainod via ●bsorption moasurrnnts usinq r-cmtoc[l,z]. froquancy

difforonco[3, 41 ●nd dloda Lasos[51 SOUECOS. BaGau8e r-COnt.r ●nd

frequancy diffarsneo lamr8 oporato b98t in tho 2-4 km roqion, ●tudiem

ti8Lng th8so laser ●ourcmm Imm involvod high fr~9nay vibrational modoa

(H-X, x-c,r,cl,sr) or overtonmm. Although diodm Lamora covsc ● much

Dread.c ●poatrmA ran- (J-IO lm), thmy ●re 1-88 convmnlant to uae for

.Ioing Sur-ay ●pwtrosaopy. Ua ha- d.o-lopod 89r9ral naw tmchniquam

whlCtI LIWrO- th9 SOIi81tlvlty ●nd aonwOnlonc8 of ●bsorption nMa8uranonc8

.slnq dLocM laaars for tlm ●tudy of -Laaulac clumt9r8 in supersonic

.mp@naAonm. Kc. - *sarbo thosa toahnlquom and thaic ●ppllcatixi for

tn. maur~t or tn. rovlbratlonal spoacca OC A-O naar 5 um.
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riguro 1. Schntic drawinq of tha ●~rtintal ●rran~nt.

,005 cm). Tha radiation is mildly tocusod near tho nozzlo and passoo 32
cims within 1-2 a of tho nocsle ●lit. Tho path lcnqth in tho high

density rogien of tho gas ck#anslan h noarky ~ ~toc (rLg. 2). Under

typical ●apoci~ntal conditions ( 7S9 AC, 239 CO, 2 ●t-. bac’tinq

prassuro), tho 8trong9at ArCG foatucos ●bsorb 5-10 9 ef trio laaor

radlatlon. Th9 lasoc radatiom pm88ing through tho empmal.an im dmteoted

by ● sacond InSb ~tutoc ●nd rococd!ad by ● transient dlgitizor.

Th@ vaaum ahec is p- by thm mananiaaA p~m whiCh havm a

total ~inq se of 1.5 m3/dnuta. Clus?,or absorption can b@ obaom

●s long ●s th. baekgcound pmsaum in tha ehm% La lass than 0.6 torr.

TypicIlly durin~ our .xporLnnts tho PCQSOUCQ i. below 0.2 torr.

Absorption lln.s of rofoma9 gas*8 plaaod La tb9 ststh q8s c91L provida
absoluto fcwqu~ oalibcmtion @oi Cha apwtra. L?mmlly thlm c.:.1 is not

Caquirod ●imoo co ~z ●bsorption in ?h9 vaau~ dh~c ia ●tconq ●nd

produo.m n~mua rofsr.nw AinGa in the ArCO data. TO roduc~ noimm

producd by ~Alt& Cluatmtlmo in tho dlodm lamr output, tho died@

lJs9r la scanned very rapidly (200 cm-i/sm). SIQnaLo from tha ArCO

ibaorptkn taacusoa whlah ● ro abut 0,003 ~-~ wida ●pg.aar et ml~ctron!c

Croqumnaias qroatar than 10 kmu - far ●bove tho low froqugncy
Cluctuationa in thm d.1~ laaoR output. ●y ●veraging 2000 laaar rncana,

●baorbanamo

Durlnq

laser mod-

dlqlciaaro

Aft@r this

laser scan

●s a=ll ● . 3 8 LO-3 cm M cktsacei.

●n •m~cknt th. Uoda Las-c is rgpaatody ●canned ovar a

(.73 co 1.5 cm-l) Qvory 5 mi)’,iamuonda. Ths t,ranaionc

arg triqgorad ● t cho start of ●wry hlndrodch Laoar scan,

Lnitial scan 1. co~lotod, cha riomaJm La opamd snd a sacond

1s record.d on tho second half of tho transimnt r~ccrder

output (rig. 3). Tho flrat ockn is Subtrsctti from tha $ocond, Italpif,q

CO corract for laacr ~Litudo chanqor duo to varying lJaor Icutput uvor

the N* ●nd LnLerCoronco ●ffacto chat can occur in tha optics, Duo to
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Figure 2. Scale drawing showing
radiation through nozxlu

tha dhda laaor roquiram

multipa98inq of diode lasar

●xpanaion.

10-lSt ~f tha scan t- to returnufuuic hmating,
to the original lasing frquency ●t the ●nd of ●ack voltage raw. It is

during thim tima that th, nosalo opana ●nd reach.. ● #taady state flow.

Tha noxzl. La kept opan fog ● t0t4A Of 7 IaiAli80COnd8.

Although sigtml to noise can ba quits high on ● Singlm scan (> 30),

it is often rmcaasary to ●-rage 8any ●cma to ab~~rn uaak qwctral

foaturos. TG provont dziftinq of tlw dioda laasr scan ragion during

●veraging, the scan reuion 18 ●tabilisod using ● bo%c@c incegra:~r ●nd

voltsgo sting dovic.. ?him 18 ●coqlishod by 8anpling ttto @talon

signal with ● boxcar htogrator at a ●poaltk tifaa in tho scan. If ●t

this tima tho ●talon 8@nal i8 not at ● soro croming, th. output voltago

of tho boxcar will & non-s.co. This output volta~ iS a~ with tho

ramp voAtagg scanning tho diodo laebro 8hAfting tha spactral region

sewmad by tha I.a.or ●0 that ● tam amasing of tho ●taAon traco ocmrs

● t tho •wA~ tti et th8 boaoar. Thus tha boxcax produce. an errox

signal uhlah pmvuita drittimg of tho diocla laaor. Tho linowidths(l~ of

tho CO mo~s faaeutos reorM in ● #hgLe 5 millisooond scan of thm

died@ lasor ●s, 0.0023 C-l. whom 2000 ouch scane ●re ●voraqad,

Linovidthrn inamao~ to 0.002C cm-~. ?huo, one. Lockad to a

cro80ina, tl’m Spoutral rwian ●aannad by tha Aaaor driftm 1-ss

0.0009 em-~.

Tho slit nossl. 1. capabAa OE pcoduaing linawidths[41 loss

0.001s cs-~, tharmeoro, che rooolutlon in our ●xpori-nts i. currantly

Llinltod by the di~ Lasar. Although tha dlodg laser ba= do.a not cro98

tho ●npanmion Parpondlaularly, tho aultiplo crossing angloe contribdt~

th,

zero

than

than

loss than 0.0003 cm-L to tho total Lingwiclth.

(i.)rOr this masucamanc,

punw (5000 LLt9r/sot) to

by background CO.

th. vacuum chamb.r Waa P- by two ~~ff~~~on

m prosm.$ra or 10 ‘4 tort to minindzo ●bsorption
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X obeor- ow9r 300 ●bsorption lino~ near tho CO mnomr band center

● t 2143.27116 cm-l (7] which can b ●ttributed to tho AJS20 COWLOX. Tha

l~ctral f~glon betw9.n 2130 to 2160 ~-k UISO containm many Linas for

pul~ co cluDt@rs. Although tho n-r of puc~ CO cluacore in our Ar/CO

●mansicms cm M reducd by reducing cha proportion of CO in tho Ar/CO

qss mintur~m, they cannot b. c~.locoly ●ilminacod. Sinco ttio scan rqion

of the d~ods laa~r can k locked vary ●ccuracoly, it 10 possibl~ to first

cska ● apoccrum with ●n Ar/CO qam mlnturm, ropaat cho scan usinq only CO,
than subtract cha two. Althouqh tho to~racurom of th- ●xpansLon3 may



not ba ●xactly the Sam, tha spectral faatutes due to Pura CO clustars

raproducm quits WO1l. Tha linmwidths of f.aturms attrlbutmd to tho ArCO

complox ● ro ●ll lass than 0.003 cm-l. Within tho limits of our

resolution, W* find no evido!lcs of llno broadening duo to vibrational

pradiasociation of tho ArCO complex.

Th6 ArCO sp9ctrum ia similar to ona producod by ● &typa transition

in ● nearly prolat*, s~tric-top mO1.CUla. NO linom are obaarvmd that

can k ●ttributed to ●n ●-typa transition. Tho moat prominmnt foaturms

in tha apactrum, two sub-banda corresponding to the K-O->1 and K-1->0

transition rogiona (K-K-1!, ●rc found in the null gap of the CO mono-r.
The Q-branch of tho K-O->1 ragien is shown in ~~g. 4. A prallminary,

laaat-squaroe ●nalysis of themm P, Q, ●nd R eub-branchao yields

rotational constants for th8 K-0,1 Jub-l@wQls. Thay ● rm praamntad in

Tablo 1. Sinc9 tha binding rntiOn of tho CO subunit and rotation 6? tho

CO ●bout the Ar-CO bond ●xis maY ba atronqly couplad, tho ●nargy 10VOLS

can ba ropraamtti by tho ●rprosaion [8]

CR - VK + 5#(J+l) - DK[J{J+1)]2 + 8~,l[i/4[Dl_CL)J(J+l)4J2 (J+I)2]

uh.r. sK-(D+C)/2 ●nd tho term followin~ tho Kronock6r delta ●ocounts for

tho am-try 8plittinq in tho K-1 atatmm. ?ho spactrum contains ●

prograaaion of such R-typ9 sub-bands on ●ach sida ot the CO mono=mr lino

cantor. fic ?, Q and R branchea of tho K=l->2 ●nd K-2->1 tranaltion

9 10 1s

41 I , 1 1 1 I I
1

r T I I
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O.ooscfn-l
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‘OO(J)

‘RO(J)

214s 10 7149;4 2!4e3a
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klqur9 4. ArCO %6 band locatod in tho CO nmnomr

null gap. Spoctru.m is an av9r~q9 of 100

5 tikljsocond scana.



Table 1. Effective Parameters for ArCO

v-o v-1

K-O K-1 K-O K-1

B (MHz) 2072.2(7)a 2064.6(1.3) 2074.1(1.3) 2062.5(7)

B-C (NNz) 128.5 (6) 130.5(6)

D/10-2(MKz) 6.3(31 7.3(3) 7.0(3) 6.4(3)

a/lo-3(t4Nz) -3.2(4) -1.9(4)

A-B (NNz) 71643(12) 70973(12)

Av (cm-1) 2142.8322(8)

AK (mix) 1287(3)

%unbara in paronthoeos &not.

to last digits of conatmta.

on. standard &viation and apply

regions ●go ●ll splie by tho ●8yum@Cry of tha com@ox. Assuming that th9

oKi@na#V°K# of th. varioua K mb-lavols can b. ●xproaeod ●a

v°K - V + (&.B!# + A~K4,

w* can aolvo for & - v’+-, (A-B)’, (A-D)” ●nd AR - AK’ - AK” from tho

K-2->1, R-1->o, Koo.>1 •n~ K-1->2 •ub-ba~ oriqina, whom tha prima ●nd

doublo psin rotor to tho oxaltod and wround stat.. roepoctivoly. V41U*9

for tho~ aonst~tx aro Niso given in Tablo 1.

Caiuulationo of potentiaA surfacoe [S] for tho ArCO complox suggoat

that tha CO ●bunlt =ay not k strongly oriontod in tht complox. The

cakculakions peodiat that only small-to-lntormodiate-oizod barriers

10sCrkt tha rotation of tha CO in tho plan. of tho co~lex. Although

tnoro have bean ne published #tudloa ot tho spoatra of ArCO, thoro havo

baon savoral gxparimantel ●nd thoorotical studloe of tha very shilar

ArN2 co~loB (10,11]. Thi@ cowlaa poe80seos both Localizod banding

states C8 uaIAL a. nwrly Cr@a-rotor #tatos of th9 N2 ●b-uni,t. ~or Iuw K

statast tha Qnorgy l@voA spacinqu ros~h thooo of ● slightly ●aymmtric

top, while for vary high B? mtatw~ tn. ●nocgy lQV.1 spacings ● r~ clos~x

co thos. of ● fro. rotor, Similar bohawior is observed in our data. The

onorgy 10V*L ●pacin~a fnc ttsr,siticna lnvolvinq K>i Levels boar a

dacre~rnlng ro,o=blaneu t i’, tho&* of ● sliqhtly ●symmtric top.

Preliminary •nal~~sim .indicatos :hat for the higher K levels, ●

*



Hamiltonian for a sami-riqid molacular structure will not reasonably

rapcoduce our ArCO spmctra. In conclusion, wa fool that to obtain

meaningful structural information, Lt will b. nmcmsaary to analyzm the

data using a hindarod rotor Hamiltonian.
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